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(54) New reagent for labelling nucleic acids 

(57) The present invention concerns a labelling re- 
agent in which the label is bound via an amide bond and 
a linker to a residue of the molecule which is essentially 
characterized in that the N atom of the amide bond and 
the label are linked together directly by a covaient bond. 



In particular these are phosphoramidites or reactive 
supports suitable for nucleic acid synthesis. The inven- 
tion also concerns processes for the production of such 
supports from suitable precursors. 
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Description 

[0001] The invention is derived from tlie field of labelling nucleic acids that have been prepared synthetically. 
5 Prior art 

[0002] Synthetic (deoxyj-oligonucleotides which have been provided with a detectable label are necessary to carry 
out a broad spectrum of diverse molecular biological and molecular diagnostic methods. 

[0003] Synthetic (deoxy)-oligonucleGtides are usually prepared on a solid phase with the aid of phosphoramldite 
10 chemistry. Glass beads having pores of a defined size (abbreviated in the following as CPG = controlled pore glass) 
are usually used as the solid phase. The first monomer is bound to the support via a cleavable group such that the 
free oligonucleotide can be cleaved after the solid phase synthesis is completed. The first monomer additionally con- 
tains a protected hydroxyl group, dimethoxytrityl (DMT) being usually used as the protective group. The protective 
group can be removed by acid treatment. Then 3'-phosphoramidite derivatives of (deoxy)-ribonucleosides that are also 
15 provided with a DMT protective group are then coupled in a cyclic process to each successive reactive group after is 
has been freed of the DMT protective group. 

[0004] According to the prior art so-called trifunctional support materials are used to prepare oligonucleotides that 
are labelled at the 3' end. For this a trifunctional spacer with two reactive hydroxyl groups and an additional reactive 
group, preferably an amino group, is firstly prepared. After introducing a DMT protective group on a hydroxyl group, 
20 the detectable label is coupled to the reactive amino group of the trifunctional spacer in a second step of the synthesis. 
However, alternatively the detectable label is not only coupled to the trifunctional spacer via a reactive amino group 
but also via a third hydroxyl group or an SH group (US 5,451 ,463; WO 92/11388). 

[0005] In a third step the trifunctional spacer is bound via its hydroxyl group that is still free to the linking group of 
the solid phase material that is provided with a separable bond. 
25 [0006] Alternatively the detectable label is not coupled until afterthe actual oligonucleotide synthesis (US 5,141 ,837). 
However, since this requires multiple independent coupling reactions, such a production process is laborious, costly 
and cannot be automated. 

[0007] Labelled phosphoramidites in which the marker group is linked to the phosphoramldite via a 
usually used to synthesize oligonucleotides labelled at the 5* end. 

30 [0008] Hence detectable labels can also be introduced by the phosphoramidite strategy (Synlett 1999, 10, 
1667-1678). The same trifunctional spacers can be used for this as for the synthesis of CPG materials. Instead of 
binding one of the hydroxyl groups to the solid phase, this hydroxyl group is converted into a phosphoramidite in this 
process. The resulting phosphoramidite can be used for oligonucleotide synthesis like a standard amidite. In principle 
such phosphoramidites can also be used for intemal labelling by replacing a standard nucleoside phosphoramidite by 

35 a fluorophore-labelled phosphoramidite during the synthesis cycle. However, it is preferably used for 5' labelling since 
intemal labelling interrupts the base pairing in the strand. 

[0009] Oligonucleotides provided with a fluorescent label such as fluorescein are often used in molecular biology, 
such as for the real-time measurement of PGR reactions (WO 97/46707). The fluorescent dyes can be coupled to the 
amino group of the trifunctional spacer in two different ways according to the prior art: 

40 [0010] On the one hand the fluorescent dye, which can itself optionally be provided with cleavable protective groups 
for protection during the oligonucleotide synthesis, is reacted in the fomn of an isothiocyanate with the amino group to 
fomri a thiourea bond. However, this has the disadvantage that such a thiourea bond is not stable during oligonucleotide 
synthesis and thus it is not possible to achieve high synthesis yields of fluorescently labelled oligonucleotides (Biocon- 
jugate Chemistry 1998, 9, 627-632). In an alternative process the N-hydroxysuccinimide ester (NHS-ester) of a fluor- 

45 ophore-carboxylic acid is reacted with the free amino group of the spacer to fonm an amide bond. However, it has 
turned out that due to the electron-acceptor effect of the amide bond, the spectral properties of the fluorescent dye are 
changed such that the emission spectrum of an amide-coupled derivative is shifted to higher wavelengths compared 
to the emission spectrum of a thiourea-coupled derivative. 

[0011] Hence the object of the present invention was to provide labelling reagents for the synthesis of labelled oli- 
50 gonucleotides in which the label is not subjected to a strong electron-acceptor effect and remains stable during the 
oligonucieotide synthesis. 

[0012] An object of the present invention was also in partkjular to provide support materials for the synthesis of 
fluorescent-labelled oligonucleotides which on the one hand, ensure an adequately stable coupling of the fluorescent 
dye during the oligonucleotide synthesis and, on the other hand, do not influence the spectral properties of thefluo- 
55 rescent dye compared to derivatives coupled with a thiourea linker 
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Brief description of the invention 

[0013] Hence the present invention concerns a labelling reagent having the structure 

5 

M-NH-C0-L-Z-(CH2)n-0-S 
I 

(CH2)m) -0-K 

10 

in which 

M is a detectable label 
15 ~ \_ represents a linker of the structure -(CHgjp- or the structure -(CH2)p-CO-NH- 
2 is either CH or N, 
S is a cleavable protective group 

n, m and p are, independently of one another, natural numbers fronr) 1-15, 

O-K is either a phosphoramidile, or K = -V-T, such that T Is a solid phase support material and V is a linking group 

20 containing a cleavable bond. 

[0014] Hence a subject matter of the present invention is also a labelled reactive support having the structure 
25 ( CH2 ) n-O-S 

I 

(CH2)m-0-V-T 

30 

in which 

- M is a detectable label 

- L represents a linker of the stmcture -{CHgjp- or the structure -(CHgjp-CO-NH- 
35 - z is either CH or N, 

- n, m and p are, independently of one another, natural numbers from 1-15, 

- S is a cleavable protective group and 

- T Is a solid phase support material. 

40 [001 5] The linker L preferably has the structure 

-(CH2)p-CO-NH- 

45 jn which p is a natural number from 1-15. 

[0016] Porous glass or polystyrene particles having a defined pore size are usually used as the solid phase support 
material. The cleavable protective group S is usually dimethoxytrityl (DMT), pixyl or a photochemically cleavable ni- 
trobenzyl group such as NPEOC (Tetrahedron 53, p. 4247-4264 (1997)). 

[0017] For numerous potential applications of the invention the reactive support is provided with a fluorescent dye 
50 such as fluorescein as a detectable label. If the fluorcphore contains reactive groups such as hydroxy groups in the 
case of fluorescein, these hydroxy groups have to be protected in order to prevent an undesired reaction with the 
phosphoramidites during the oligosynthesis. PivaloyI is for example a suitable protective group since it can be removed 
by cleavage under standard conditions after completion of the oligosynthesis. 
[0018] A further subject matter of the invention is also the use of a molecule having the structure 

55 

M-NH-CO-(CH2)p-COOH 
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in which p represents a natural number between 1 and 15 and M represents a detectable label, to prepare a reactive 
support according to the invention. 

[0019] This synthesis Is preferably carried out by a process comprising the following steps: 

5 a) preparing a trifunctlonal spacer containing two reactive hydroxyl groups and one reactive amino group 

b) introducing a protective group such as DMT on a hydroxyl group 

c) converting the carboxylic acid group of the molecule described above into an activated ester preferably an N- 
hydroxysuccinimide ester 

d) coupling the activated ester to the reactive amino group of the trifunctlonal spacer 

10 e) coupling the hydroxyl group of the trifunctlonal spacer which is still free to the support material. 

[0020] Altematlvely the reactive support according to the invention can be prepared by using a trifunctlonal spacer 
having the structure 

15 

HOOC-L-2- (CH2) n-OH 

I 

(CH2)in 



in which L represents a linker which has the structure 

25 

-{CH2)p- 

or the structure 

30 

-(CH2)p-C0-NH- 



and p is a natural number between 1 and 15. 
35 [0021] Such a process preferably comprises the following steps: 

a) preparing the described trifunctlonal spacer 

b) Introducing the protective group on a hydroxyl group 

c) activating the carboxylic acid group of the trifunctlonal spacer to form an activated ester 
40 d) reacting the active ester with the free amino group of the detectable molecule 

e) coupling the hydroxyl group that Is still free to the support material. 

[0022] A further subject matter of the invention is the use of the reactive support according to the invention to syn- 
thesize 3'-iabelled nucleic acids such as {deoxy)-ollgonucleotides and 3'-labelled nucleic acid molecules which have 
45 been synthesized with the aid of a support according to the invention and consequently have a new chemical structure 
at their 3'-end. This also especially concerns nucleic acid molecules which have a substituent at the 3' -position of the 
3'-temilnal ribose which has the substructure 



-CH^-CO-NH-M 
50 2 

in which M is a detectable label such as a fluorescent dye. 

[0023] The invention also concerns phosphoramidltes having the structure 



55 
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M-NH'CO-L-Z- ( CH2 ) n-O-S 



(CH2)in-0--K 



in which 

10 - M is a detectable label 

• L represents a linker of the structure -(CH2)p- or the structure -(CH2)p-C0-NH- 

- Z Is either CH or N, 

S is a cleavable protective group 

- n, m and p are, independently of one another, natural numbers from 1-15, and 
15 . o-K is a phosphoramidite. 

[0024] In this connection the term "phosphoramidite" is understood to include ail compounds known as phosphora- 
midites to a person skilled in the art (Beaucage, Methods in Molecular Biology, ed. S. Agrawal, Vol.20, p. 33*61 , 1 993). 
[0025] The label Is preferably a fluorescent dye such as fluorescein which is optionally provided with protective 
20 groups. 

[0026] The present invention also concerns the use of the phosphoramidites according to the invention to synthesize 
labelled nucleic acids. Nucleic acids which have been labelled with the aid of these phosphoramidites are also a subject 
matter of the invention. Such molecules contain a substituent having the structural element -CHg-CO-NH-M in which 
M denotes the detectable label such as the fluorescent dye. In a preferred embodiment the substituent is covalently 
25 bound to the 5'-position of the 5'-tenminal ribose of the labelled nucleic acid. 

Detailed description of the invention 

[0027] Within the scope of the present invention some of the terms used are defined as follows: 
30 [0028] Reactive group denotes groups of a molecule which are able to react with another molecule under suitable 
conditions to fomn a covalent bond. Examples of reactive groups are hydroxyl groups, amino groups and carboxylic 
acid groups. 

[0029] Protective group denotes molecules which react with one or several reactive groups of a nnolecule in such a 
manner that in a multistep synthesis reaction only one particular non-protected reactive group can react with the desired 
35 reaction partner. Examples of frequently used protective groups are dimethoxytrityl (DMT) which is preferably used to 
protect hydroxyl groups and Fmoc which is preferably used to protect amino groups. 

[0030] Trifunctional spacers are molecules which have a central carbon or nitrogen atom and comprise three side 
chains that are essentially composed of carbon and each have a reactive group at the end. 

[0031] Solid phase support material refers to polymeric substances that fonn a solid phase containing a reactive 
40 group on which other molecules can be immobilized. In the case of oligonucleotide synthesis this are usually porous 
glass beads having a defined pore size (CPG). Alternatively polystyrene resins and other organic polymers and co- 
polymers can also be used (J. Indian Chem. Soc. 1 998. 75, 206-218). If the oligonucleotide should remain immobilized 
on the substrate after the synthesis, glass or semiconductor chips can also be used as a solid phase support material. 
[0032] A labelled reactive support is understood as a solid phase support material on which another compound 
45 containing a detectable label and a still unprotected reactive group is immobilized. 

[0033] Carbon chains having a length of 1-15 C atoms are referred to as linkers. Such linker chains can additionally 
also have a single nitrogen atom or several nitrogen atoms. In addition the linkers can also contain a single ethylene 
glycol unit or several ethylene glycol units. 

[0034] A detectable label is understood as substances that can be detected with the aid of analytical methods. These 
50 can for example be substances that can be detected with the aid of mass spectroscopy; immunological assays or with 
the aid of NMR. In particular detectable labels are also understood to include fluorescent dyes such as fluoresceins 
or rhodamines. 

[0035] Phosphoramidites denotes molecules having a trivatent phosphorus atom which can be coupled to the 5'- 
terminal end of a nucleoside or nucleoside derivative. Thus phosphoramidites can be used to synthesize oligonucle- 
55 otides. In addition to the (deoxy)-ribonucleotide phosphoramidites that are used for chain extension, there are also 
phosphoramidites derivatized with a label which can be used in analogous processes to label the oligonucleotide during 
or at the end of oligonucleotide synthesis (Beaucage, Methods in Molecular Biology, ed. S. Agrawal. vol. 20, p. 33-61 
(1993)). (Synlett 10, 1667-1678 (1999)). 
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[0036] The term "oligonucleotide" encompasses in connection with the present invention not only (deoxy)-oligo- 
ribonucleotides but also all DNA and RNA derivatives such as methylphosphonates. phosphothioates or 2'-0-alkyl 
derivatives and DNA analogues such as LNA, HNA (18, p. 1365-1370 (1999)) and nucleic acids or analogues thereof 
which also contain modified bases such as 7-deazapurlnes as well as chimeras comprising different types of nucleic 
5 acids and analogues thereof. 

[0037] A labelled reactive support having the structure 

M-L-Z-(CH2)n-0-S 

I 

(CH2)in-0-T 

15 has proven in the past to be particularly suitable for oligonucleotide syntheses. L In this connection denotes a linker. 
According to the prior art this linker contains an amide bond which directly links the carbon atom to the label. 
[0038] T denotes a solid phase support material preferably CPG which is commercially available (e.g. Proligo, CPG 
Inc.). The surface of such commercial support materials is modified with amino groups. 

[0039] The support T can be linked to the remainder of the molecule via a so-called linking group V containing a 
20 cleavable bond. Linking groups containing cleavable bonds are understood In the scope of the present invention as 
groups located between the trifunctional spacer and the solid phase support material that can be cleaved by a simple 
chemical reaction. These can be succinyl or oxalyl or other linking groups which contain a cleavable ester bond. Other 
linking groups are known to a person skilled in the art (J. Indian. Chem. Soc. 1998, 75, 206-218). 
[0040] Such linking groups are essential for the application of the support material to synthesize oligonucleotides 
25 which are intended to be present in aqueous solution after completion of the synthesis. In contrast in the case that the 
oligonucleotide should remain on the surface of the support material after the synthesis when for example preparing 
nucleic acid arrays (1)8 5:624,711, Nucl. Acids. Res. vol.25, p. 1155-1161 (1997)), a cleavable linking group is unnec- 
essary and rather a non-cleavable linking group is preferred. 

[0041] The support material is linked via a carbon chain comprising 1-15 C atoms to a trifunctional central atom Z 
30 which is preferably also carbon or alternatively nitrogen. A further carbon chain containing 1 -15 C atoms on the end 

of which a cleavable protective group S, preferably DMT is present, is located on this central C atom. This protective 

group can be cleaved by weak acid treatment before starting the oligonucleotide synthesis. Aftenwards 3' phosphora- 

midite derivatives of (deoxy)-rlbonucleosides can be coupled to the liberated reactive group. 

[0042] The detectable label M Is preferably a fluorescent dye. If such labels contain reactive groups that could inter- 
35 fere with the oligonucleotide synthesis, the fluorescent dye is provided with a protective group known to a person skilled 

in the art in order to prevent unspecific reactions during the course of an oligonucleotide synthesis. Fluorescent dyes 

such as fluorescein can be effectively protected by pivaloyl. 

[0043] The detectable label is usually linked to the central atom via a special linker. This linker has the following 
characteristic structure according to the invention 

40 

M-NH-CO-(CH2)p-Z 

or 

45 

M-NH-C0-(CH2)p-C0-NH-Z 

in which p is a natural number between 1 and 15. 
50 [0044] In other words this means that the orientation of the amide bond between the label M and linker L or central 
atom Z is Inverted compared to the compounds known from the prior art. 
[0045] Hence the partial structure 

M-NH-CO- 

55 

is characteristic of the inventive structure of the linker. 

[0046] This ensures that the electron-acceptor effect of the amide bond shown is substantially lower than that of the 
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structure known from the prior art 

M-CO-NH-. 

5 

[0047] This has the advantage that for example in the case of a fluorescent dye label the spectral properties of the 
fluorescent dye conjugated according to the invention are almost identical to the spectral properties of a dye conjugated 
by the thiourea method due to the orientation of the amide bond. However, in comparison to thiourea coupling, the 
linker stmcture according to the invention leads to a much more stable compound which also remains stable during 

10 oligonucleotide synthesis. 

[0048] The labelled reactive support according to the invention can be basically synthesized by two different methods. 
In a first embodiment a reactive trifunctional spacer containing two reactive hydroxyl groups and one reactive amino 
group is reacted with an NHS-activated carboxylic acid group of a detectable label. In an alternative method a trifunc- 
tional spacer containing a reactive carboxylic acid group is firstly converted into an activated ester and then reacted 

15 with a reactive amino group of a detectable molecule. 

[0049] Both methods are part of the present invention and are thus further elucidated in the following. In general 
preparative methods In organk: chemistry known to a person skilled In the art are used to carry out the individual steps 
of the synthesis. The stated methods only represent examples of alternatives and do not limit the scope of the present 
invention. 

20 

a) Preparation of a support according to the invention starting with a trifunctional spacer containing a reactive amino 
group. 

[0050] Scrlnol can for example be used as a commercially available spacer containing a central carbon atom and a 
25 free nitrogen atom. A trifunctional spacer containing a central nitrogen atom can be obtained from the commercially 

available compound 2- hydroxy ethylhydrazine and oxirane. 

[0051] In a first process step a protective group is introduced on one of the reactive hydroxyl groups of the trifunctional 
spacer such that this side chain cannot react with other reaction partners during the subsequent steps of the synthesis. 
Dimethoxytrityl (DMT) is usually introduced as the protective group by known methods (J. Am. Chem. Soc. 1963» 85, 
30 3821 ). At the end of the reaction those molecules which only have one protective group are isolated by column chro- 
matographic methods known to a person skilled in the art. 

[0052] Detectable labelling substances M which have a free temninal amino group can be converted using organic 
methods of synthesis that are also known to a person skilled in the art by reaction with an appropriate activated dicar- 
boxylic acid such as a dicarboxyilc acid anhydride Into a molecule having the structure 

35 

M-NH-CO-(CH2)p-COOH 

[0053] while producing an amide bond, where the length p of the CHg chain is at least 1 and at most 15. Such 
40 compounds having a carboxylic acid residue can be converted under conditions known to a person skilled in the art 
into an N-hydroxysuccinimide ester by reaction with N-hydroxysuccinimide. In particular fluorescent dye molecules 
can be converted in this manner into a corresponding NHS-ester derivative. If the labelling group M contains free 
reactive groups such as hydroxy groups, these must, however, previously be provided with appropriate protective 
groups known to a person skilled In the art. 
45 [0054] in a further reaction step the labelled NHS ester is coupled to the free amino group of the trifunctional spacer 
by standard methods. Subsequently the hydroxyl group of the trifunctional spacer that is still free is immobilized by 
conventional methods on the support material which is usually CPG. A derivatized support material which has a reactive 
group such as a hydroxyl, amino, thiol or carboxyl group Is used for this purpose. 

[0055] After the immobilization the reactive groups of the support material that are still free have to be deactivated 
50 by a so-called capping reaction known to a person skilled in the art (Ron R.T.. In Methods in Molecular Biology, vol. 
20. ed. S. Agrawal Humana Press Inc. New Jersey, chap. 19 p. 481-482 (1993)). Hence for example amino groups 
that are still free are deactivated by an acylation reaction. 
[0056] Hence an immobilized compound having the stmctural element 

M-NH-CO-(CH2)p- 



Is generated by the method according to the invention and can be used in partk:ular to synthesize 3'-terminally labelled 
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nucleic acids as a result of the said advantageous properties. 

b) Preparation of a support according to the invention starting with a trifunctional spacer containing a reactive carboxylfc 
acid group. 

5 

[0057] Starting with a conventional trifunctional spacer containing two free hydroxyl groups and one free amino group 
a compound of the general structure 

HOOC-L-Z- (CH2)n-0H 
I 

(CH2)in 

I 

OH 

Is firstly prepared by reaction with a dicarboxylic acid using conventional methods while generating an amide bond, in 
20 which 

2 is either CH or N and 

L represents a linker having the structure -(CH2)p- or the structure-(CH2)p-C0-NH- and at the same time m, n, 
and p are each, independently of one another, a natural number between 1 and 15. 

25 

[0058] A compound of the following structure is preferred: 

OH 

I 

(CH2)m 

I 

35 HO- ( CH2 ) n-CH-NH-CO- ( CHj ) p-COOH 



in which m, n and p are, independently of one another, a natural number between 1 and 1 5. 
[0059] In a preferred manner one can also start with a spacer having a central nitrogen atom: 

40 

OH 



{CH2)in 

I 

HO- (CH2) n-N- (CH2) p-COOH 

50 

m. n and p are in this case also, independently of one another natural numbers between 2 and 15. Molecules such 
as the commercially available bicine in which n and m = 2 are particulariy advantageous. The reason is that it is 
advantageous for the stability of such compounds when there are at least two C atoms between the central N atom 
and the two temiinal hydroxyl groups. 
55 [0060] Then a protective group such as DMT is introduced on one of the reactive hydroxyl groups such that this 
protective group cannot react with other reaction partners during the following steps of the synthesis. At the end of the 
reaction those molecules which only have one protective group are isolated by methods of preparative column chro- 
matography known to a person skilled in the art. 
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[0061] Subsequently the carboxylic acid group that is still free is activated under conditions known to a person skilled 
in the art. In particular an activation using triphosgene and DMF has proven to be particularly suitable. 
[0062] In a further step a detectable molecule containing a reactive amino group such as a fluorescent dye molecule 
can be coupled to the trifunctional spacer. A trifunctional spacer is fomied in this manner in which, as described under 
5 a), a hydroxyl group Is protected with dimethoxy-trityl, the central atom Is linked to the labelling group via a linker and 
which contains a free hydroxy group. 

[0063] Finally the hydroxyl group of the trifunctional spacer that is still free is immobilized on the support material 
which is usually CPG, by standard methods analogously to the process described under a). Again the reactive groups 
of the support material that are still free have to be deactivated after the immobilization by a so-called capping reaction 
10 known to a person skilled in the art. 

[0064] In an alternative embodiment of the present invention the labelling reagent can be a non-nucleosidk: phos- 
phoramidite. 

[0065] Similarty to the inventive process for the preparation of reactive supports, an Intemnediate product of the 
following general fonnula is firstly prepared in a first step: 

15 

M-NH-CO-L-Z- (CHj) n-O-S 
I 

^ (CH2)in 



25 

in which M is a detectable label and Z is either CH or N. S denotes a cleavable protective group, L denotes a linker 
having the structure -(CH2)P' or the structure -(CH2)p-C0-NH- and n, m and p, independently of one another, denote 
natural numbers from 1-15. 

[0066] In this embodiment the protective group S Is preferably dimethoxytrityl. It is equally advantageous if reactive 
30 groups that may be present on the label are also provided with protective groups. 

[0067] These precursors can then be converted in a second step by known methods into a phosphoramidite according 
to the invention by reaction of the hydroxyl group that is still free (e.g. B. Meyer R.B. in Methods in Mol. Biol. vol. 26 
ed. S. Agrawal, Humana Press Inc. 1994, chapter 2 p, 80). 

[0068] Such Inventive phosphoramldites can be used to'label nucleic acids and in particular to label oligonucleotides. 

35 The label can be Introduced at the 5'-end, at the 3' -end or internally as a so-called "abaste site" In oligonucleotides. 
[0069] In the case of a 5'-label at the 5'-position of the ribose of the 5'-terminal nucleotide the incorporation is carried 
out by conventional methods at the end of the oligonucleotide synthesis {Beaucage, Methods in Molecular Biology, ed. 
S. AgrawaL vol. 20, p. 33-61 (1 993)). Subsequently the remaining protective group - usually DMT - Is removed. Oligo- 
nucleotides are obtained in this manner which have a substltuent containing the structural element -CH2-CO-NH-M at 

40 the S'-position of the 5'-termlnal ribose. 

[0070] After again removing the protective group introduced by the phosphoramidite, a chain extension in the 3'-5' 
direction can then be carried out on the free hydroxyl group as part of a classical oligonucleotide synthesis. An intemally 
labelled nucleic acid molecule containing a so-called internal "abaslc site** is fomned in this nnanner. 
[0071] Labelling at the 3*-end is can'led out according to the following principle: Commercially available 3'-phos- 

45 phate-CPG (e.g. Glenn Research) is used as the support. A phosphoramidite according to the Invention is used in the 
first cycle of the synthesis. Since this contains an additional tritylated hydroxyl group, standard oligonucleotides syn- 
thesis can begin, after cleavage of the DMT protective group, at the hydroxyl group that is now free. After cleavage 
from the support, oligonucleotides are then obtained whk:h have a substltuent containing the structural element 
-CH2-CO-NH-M at the 3'-position of the 3'-tenninal ribose. 

so [0072] The invention is further characterized by the following examples: 



55 
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Example 1 

Preparation of a dipivaloylf luorescein-NHS ester 

5 A) Dipivaloylnitrofluorescein 
[0073] 



10 



15 



20 




[0074] 8 mi (65 mmol) pivaloyi chloride (Merck 801 276) was added dropwise to a suspension of 5 g (1 3 mmol) 4-nitro* 
fluorescein (TC1 199) In a mixture of 100 ml dichloronnethane, 8 ml pyridine and 6 ml dimethylfomiamide while cooling 
25 on Ice. The resulting clear, yellow solution was subsequently stirred for 2.5 h at room temperature. In this process a 
white precipitate (pyridinium hydrochloride) fonms which was removed by filtration. 20 ml dichloromethane and 50 ml 
water were added to the filtrate which was transfen-ed to a separating funnel. The organic phase was separated and 
washed once with 50 ml water The separated organic phase was dried over sodium sulfate and evaporated to dryness 
in a vacuum on a rotary evaporator. The residue obtained was recrystalllzedfrom 1 00 ml diisopropyl ether (yield: 6.5 g) . 

30 

B) Dipivaloylamlnofiuorescein 
[0075] 



35 



40 




[0076] 6.5 g (11 .9 mmol) dipivaloylnitrofluorescein was dissolved in 100 ml dioxane. Then 650 mg palladium/ acti- 
vated carbon (Merck 807104) dissolved In 20 ml ethanol was added and hydrogen was passed in for 2.5 h while 
shaking. Afterwards the mixture was filtered through a double filter (round filter + Seltz filter layers) and subsequently 
evaporated to dryness in a rotary evaporator under a vacuum. The residue obtained was separated over a silica gel 
50 60 column (diameter = 8.5 cm, height = 30 cm). A mixture of ethyl acetate/ hexane 2/1 (v/v) was used as the mobile 
solvent (yield: 3.0 g) . 



55 
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C) Dipivaloyl-4-aminoglutarylfluorescein 
[0077] 



10 



15 




[0078] A mixture of 2.6 g (5 mmol) dipivaloylaminof luorescein, 2.3 g (20 mmol) glutaric anhydride, 1 23 mg (1 mmol) 
dimethylaminopyridine (Fluka 39405) and 1 .4 ml (10 mmol) triethylamine in 75 ml chloroform were boiled for 4 hours 
20 under reflux. After cooling to room temperature 50 ml water was added and it was stirred for a further 1 5 min. The 
organic phase was separated in a separating funnel and washed twice with 50 ml water each time. After drying over 
sodium sulfate it was evaporated to dryness in a vacuum in a rotary evaporator. 

[0079] The residue was separated over a silica gel 60 column (diameter = 8.5 cm, height = 30 cm). A mixture of 
toluene/ethyl acetate/methanol in a ratio of 4/1/2 (v/v/v) was used as the mobile solvent (yield: 3.0 g). 

25 

D) DipivaloyM-aminoglutarylfluorescein NHS ester 
[0080] 



30 




[0081] 1 .4 g (1 2.2 mmol) N-hydroxysuccinimide was added under argon to a solution of 2.6 g (4.1 mmol) dipivaloyl- 
4-aminoglutarylf luorescein in 250 ml dry dlchloromethane (4.1 mmol). Subsequently 1 .93 ml (14.0 mmol) morpholino- 

45 ethylisocyanide (14.0 mmol) was added and it was stirred for 18 h at room temperature. The solvent was removed by 
distillation in a rotary evaporator under a vacuum. A mixture of 600 ml ethyl acetate and 1 00 ml diethyl ether was added 
to the residue. The organic solution was washed in a separating funnel 3 times with 150 mt 0.2 N HCI each time and 
then once with 1 50 ml saturated sodium chloride solution. The separated organic phase was dried over sodium sulfate. 
After filtration the solvent was removed by distillation under a vacuum in a rotary evaporator. The residue was dried 

so for 0.5 h in a high vacuum (yield: 2.7 g). 



55 



EP 1186 613 A1 



Example 2 

Preparation of a DMT-Fmoc compound as a trifunctional spacer 

5 A) N-Fmoc 1 ,3-dihydroxy-2'aminopropane 
[0082] 




[0083] 21.6 g Fmoc - NHS (Novabiochem. 01-63-001) (64 mmol) was dissolved in 300 ml dioxane and admixed 
successively with serinol (Aldrich 35,7898) (60 mmol), 200 ml water (VE) and 6.8 g sodium hydrogen carbonate (80 
20 mmol). The mixture was then stirred overnight at room temperature. The resulting precipitate was removed by filtration 
on the following day. 

[0084] 1 .2 1 water and 50 mi saturated NaCI solution was added to the filtrate to precipitate the product. After the 
supernatant had been suction filtered over a glass frit, the product was dried overnight in a desiccator over calcium 
chloride. Subsequently it was separated over a silica gel 60 column (diameter = 8.5 cm, height = 30 cm). An ethyl 
25 acetate/methanol mixture in a volume ratio of 5/1 was used as the mobile solvent (yield: 12.35 g). 

B) N-Fmoc 1-dimethoxytrityloxy 3>hvdroxy-2-amlnopropane 

[0085] 

30 




[0086] A solution of 1 3.85 g (41 mmol) dimethoxytrityl chloride in 55 ml dry pyridine was added to a solution of 1 2.1 9 
g (38.9 mmol) N-Fmoc 1 ,3-dihydroxy-2-aminopropane in 60 ml dry pyridine under argon and stirred overnight at room 
45 temperature. Subsequently the solvent was removed under a vacuum in a rotary evaporator, the residue was dissolved 
in 500 ml ethyl acetate and extracted once with 250 ml water /250 ml saturated NaCI solution. The organic phase was 
separated and dried over sodium sulfate. After filtration the solvent was removed by distillation under a vacuum in a 
rotary evaporator 

[0087] Subsequently it was separated over silica gel. A mixture of toluene/ethyl acetate/methanol in a ratio of 4/1/0.5 
50 iyNN) to which 0.1 % (v) triethylamine had been added was used as the mobile solvent (yield: 15 g). 
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C) 1 -dimethoxytrityloxy-3-hydroxv-2-aminopropane 
[0088] 



10 




15 

[0089] 14 g (22.7 mmol) N-Fmoc 1 -d!methoxytrltyloxy-3-hydroxy-2-aminopropane was dissolved in 200 ml ethyl ac- 
etate and subsequently 200 ml piperldine was added while stirring. After stirring overnight at room temperature it was 
evaporated to dryness in a vacuum on a rotary evaporator. The residue was separated on silica gel. Mobile solvent: 
toluene/elhyl acetate/methanol in a volume ratio of 4/1 /0.5 to which 0. 1 % (v) triethylamine had been added (yield: 6.0 g). 

20 

Example 3: 

Preparation of a fluorescein CPG according to the invention 

25 A) Reaction of glutarylamlno-bispivaloytfluorescein NHS ester containing l-dlmethoxytrityloxy-3-hydroxy-2-amlno- 
propane 

[0090] 



35 



40 




45 (Preparation of an inventive trifunctional spacer substituted with fluorescein and DMT). 

[0091] 2.7 g (3.7 mmol) glularylamino-bispivaloylfluorescein NHS ester and 2.0 g (5.09 mmol) 1-dimethoxytrityloxy- 
3-hydroxy-2-aminopropane were stirred overnight In 2.5 ml pyridine while excluding moisture. Subsequently the solvent 
was removed by distillation under a vacuum on a rotary evaporator The residue was separated on silica gel 60. A 
so nnixture of ethyl acetate/methanol in a ratio of 8/1 (v/v) to which 0.1 % (v) triethylamine had been added served as the 
mobile solvent. Yield: 2.4 g (TLC: silica gel 60 Merck 105735 toluene/ethyl acetate/methanol, 4/1/1 Rf:0.45). 
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B) Succinylation 

{Preparation of a trifunctional spacer substituted with fluorescein, DMT and a reactive carlx>xyl group). 



5 [0092] 



w 



IS 




[0093] A mixture of 2.33 g (2.3 mmol) product from A and 0.49 g (5 mmol) succinic anhydride and 61 .5 mg {0.5 mmol) 
DMAP and 30.5 ml dry pyridine was stirred overnight under argon at room temperature. Subsequently the solvent was 
removed under a vacuum on a rotary evaporator The residue was separated on silica gel 60. A mixture of toluene/ 
25 ethyl acetate/methanol in a ratio of 4/1/1 (v/v/v) to which 0.1 % (v) triethylamine had been added served as the mobile 
solvent (yield: 2.2 g). (TLC: silica gel 60 Merck 105735 toluene/ethyl acetate/methanol, 4/1/1 Rf= 0.42). 

C) Preparation of fluorescein-CPG having the structure: (preparation of afluorescein-CPG according to the invention) 

30 [0094] 




[0095] A suspension of 2.2 g (2.0 mmol) succinate from step B), 2.0 g (10.4 mmol) N-(3-dimethylaminopropyl)-N'- 
50 ethyl-carbodilmide hydrochloride (EDC) and 200 mg (1 .64 mmol) DMAP was stirred under argon in a mixture of 80 ml 
dry DMF and 44 ml dry pyridine in a 500 ml round bottom flask until all of the EDC had dissolved. Then 28 g Icaa * 
ORG 500 A (CPG-Inc) was added. The suspension was subsequently gently shaken for 16 h at room temperature 
while excluding moisture. 

[0096] Subsequently it was vacuum filtered over a D3 glass frit, the residue was successively washed with 220 m! 
55 DMF, 220 mi THF and 1 50 ml ether and subsequently sucked dry. 

[0097] For the capping 80 ml pyridine and 22 ml acetanhydride were added to the CPG in a 500 ml flask and the 
mixture was gently shaken for 1 h at room temperature. 

[0098] It was then vacuum filtered over a D3 glass frit and the residue was washed successively with 440 ml THF 
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and 125 ml ether. The CPG material was subsequently dried for 4 h in a high vacuum (yield: 28.4 g). 
D) Examination of the loading by means of trityl cleavage: 

[0099] 4.37 mg of the CPG material was suspended in 25 ml DMT removal reagent (Roth 2257.2) and the absorbance 
A at 498 nm was measured (A = 0.51). 

Epsilon498nm DMT=: 14300 (LVmorcm) 

[0100] The calculation was as follows: 

14.3 (L*mmor^*cm'^) *25mrA498n„/weight (mg)=nmol/g CPG 

14.3*25 ml* 0-514/4.37 mg = 42.05 ii.mol/g CPG 



Example 4: 

20 

Preparation of a f luorescein-CPG according to the invention 

A) Dimethoxytrityl-bicine 
25 [0101] 



30 
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[0102] A solution of 3.38 g (10 mmol) dimethoxytrityl chloride dissolved in 50 ml pyridine was added while stirring 
vigorously to a mixture of 200 ml pyridine and 6.56 g (40 mmol) dry bicine. It was then stirred for 18 hours at room 

40 temperature and while excluding moisture. Subsequently the solvent was removed by distillation under a vacuum on 
a rotary evaporator. Afterwards 200 ml ethyl acetate was added and it was shaken for 10 min. The suspension was 
subsequently vacuum filtered. The residue was stirred for 1 0 min with 200 ml ethyl acetate and again vacuum filtered. 
The combined filtrates were concentrated to 30 mi under a vacuum on a rotary evaporator. 700 ml hexane was then 
added dropwise to the solution while stirring. This causes the product to flocculate. It was subsequently suction filtered. 

45 rewashed with 200 ml hexane and dried in a high vacuum (yield: 1.1 g). 
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B) N-(2'hydroxyethyt)'N (2'dimethoxytrityloxyethyl)-5'(2-amino-ethylcail30xamido)-bispivaloylfluorescein 



[0103] 

5 
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[0104] 0.52 g (1 .75 mmol) bislrichloromethyl carbonate (triphosgene) was dissolved in 30 ml dry THF under argon 
20 while stirring. Subsequently 0.370 ml DMF was added while cooling on ice and stirred for one hour at 0*C. After heating 
to room temperature, 2.20 ml triethylamine and then a mixture of 2.33 g (5 mmol) dimethoxytrityl-bicine and 2.60 g (5 
mmol) dipivaloyl-(4'-amino)-fluorescein dissolved in 20 ml THF were added and it was then stirred for 1 6 hours at room 
temperature. 

[0105] Subsequently the solvent was removed by distillation under a vacuum on a rotary evaporator. The residue 
25 was separated on silica gel 60. A mixture of toluene/ethyl acetate/methanol in a ratio of 4/1/1 (v/v/v) to which 0.1 % 

triethylamine had been added served as the mobile solvent (yield: 0.6 g). 

[0106] Succinylation and coupling to the CPG support were carried out as described in example 3. 
Example 5: 

30 

Synthesis and purification of a 3'-iabetled f iuorescein 27mer oligonucleotide 

[01 07] The synthesis was carried out with the aid of an automated DNA synthesizer (Applied Biosystems, model ABI 

392-08). The synthesis scale was 1 ^imol: For this 24 mg of the fluorescein-CPG material from example 3 was filled 
35 into an empty synthesis column (Glenn Research) and the column was mounted in the appropriate position on the 
synthesizer Standard 3'-phosphoramidites (((MeO)2Tr]ib2Gd, [(MeO)2Tr]bz6A(j, [(MeO)2Tr]br*Cd, [(MeOgTrlTj) were 
used for the synthesis. 

[01 08] The oligomer synthesis followed the regular phosphoramidite protocol for the DNA synthesizer in the trityl off 

mode. The oligonucleotide was cleaved or deprotected with 25 % NH3/H20 (8 h at 55°C). An ion exchange chroma- 
40 tography on MonoQ (5.0 x 50 mm column from Amersham Phanmacia Biotech) was used for the purification (A: 10 

mM sodium hydroxide/water B: 1 M sodium chloride in 10 mM sodium hydroxide/water, flow rate: 1 ml/min from 0 % 

B to 1 00 % B within 30 min). The labelled oligomer is desalted by dialysis or ge! filtration and lyophilized. 

[0109] Fig. 1 shows a HPLC chromatogram. The HPLC conditions were as follows: column: RP18 BIschoff Hypersll 

ODS 5 n NC (250 x 4.6 mm) part 25461805, buffer A: 0.1 M triethylammonium acetate pH 6.8, buffer B: 1 1 A + 1 1 
45 acetonitrile. gradient: 2 min from 0 % B to 1 00 % B in 23 min, 1 00 % B for 8 min, flow rate: 1 ml/min. Detection at 260 nm. 

[0110] Fig. 2 shows a MALDI MS spectrum (Voyager DE, PerSeptive Biosystems, matrix: 3 hydroxypicolinic acid). 

The peak at m/z = 8798.2 corresponds to the mass of the oligonucleotide, the peak at m/z = 10598.2 is an internal 

standard. 

[011 1] Both figures show that a 3'-labelled oligonucleotide according to the invention can be synthesized with high 
50 purity. 

Brief description of the figures: 

[0112] 

55 

Fig. 1 : 

HPLC chromatogram of an oligonucleotide synthesized according to the invention with a fluorescein label at the 
3'-end. 
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Fig. 2: 

Mass spectrogram of the same oligonucleotide synthesized according to the invention. 



5 Claims 

1 . Labelling reagent having the structure 



M-NH-C0-L-Z-(CH2)n-0-S 
I 

(CH2)m)-0-K 



M is a detectable label 

L represents a linker having the structure -(CHgjp- or the structure -(CH2)p-CO-NH- 
20 - Z is either CH or N, 

S is a cleavable protective group 

n, m and p are. independently of one another, natural numbers from 1-15, 
0-K is either a phosphoramidtte, 

or K = -V-T, such that T is a solid phase support material and 
25 V is a linking group containing a cleavable bond. 

2. Labelled reactive support having the structure 



M-NH-CO-L-Z- (CHj) n-O-S 

I 

(CH2)m-0-V-T 



M is a detectable label 

L represents a linker having the structure -(CHgjp- or the structure -(CH2)p-C0-NH 
40 - Z is either CH or N, 

S is a cleavable protective group, 

n, m and p are, independently of one another natural numbers from 1-15, 

- T Is a solid phase support material, and 

- V is a linking group which contains a cleavable bond. 

45 

3. Labelled reactive support having the structure 



M-NH-CO-L-Z- (CH2) n-O-S 

I 

(CH2)in-0-V-T 
55 in which 
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15 

In which 



30 



35 

in which 



M is a detectable label 

S is a cleavable protective group. 
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n, m and p are, independently of one another natural numbers from 1-15, 

T is a solid phase support material, and 

V is a linking group which contains a cleavable bond 

characterized in that L represents a linker having the structure 

- (CHgjp-CO-NH- 

and p Is a natural number from 1-15. 

Support as claimed in claims 2-3, characterized in that the support material consists of glass particles having a 
defined pore size. 

Support as claimed In claims 2-4, characterized in that the detectable label M is a fluorescent dye, preferably 
fluorescein. 

Use of a molecule having the structure 

M-NH-CO-(CH2)p-COOH 

In which p represents a natural number between 1 and 15 and M is a detectable label, to prepare a support as 
claimed in claims 2-5. 

Process for the production of a support as claimed In claims 2-5, comprising the following steps: 

a) preparing a trifunctional spacer containing two reactive hydroxyl groups and one reactive amino group 

b) introducing a protective group on a hydroxyl group 

c) converting the carboxylic acid group of a molecule as claimed in claim 6 into an activated ester 

d) coupling the activated ester to the reactive amino group of the trifunctional spacer 

e) coupling the hydroxyl group of the trifunctional spacer which is still free to the support material. 

Use of a trifunctional spacer having the structure 



HOOC-L-Z- (CH2) n-OH 
I 

(CH2)in 
I 

OH 



in which 

- Z is either CH or N 

L is a linker having the structure -(CH2)p- or the structure-(CH2)p-CO-NH- and 

m, n and p each, independently of one another, a natural number between 1 and 15, 

to prepare a support as claimed in claims 2-5. 

Process for the production of a support as claimed in claims 2-5, comprising the following steps: 

a) preparing a trifunctional spacer as claimed in claim 8 

b) introducing the protective group on a hydroxyl group 

c) converting the carboxylic acid group of the trifunctional spacer into an activated ester 



10 



15 



20 



EP1 186 613 A1 

d) coupling a detectable molecule containing a free amino group by reacting the active ester with the amino 
group 

e) coupling the hydroxy! group that is still free to the support material. 

10. Use of a support as claimed in claims 2-5 to synthesize 3'-labelled nucleic acids. 

11. 3'-labelled nucleic acid molecule prepared with the aid of a support as claimed in claims 2-5. 

12. Nucleic acid molecule which contains a substituent having the partial structure 

-CH2-CO-NH-M 

to the 3-position of the 3'-terminal ribose, in which M is a detectable label such as a fluorescent dye. 

13. Labelling reagent as claimed in claim 1 , characterized in that O-K is a phosphoramidlte. 

14. Labelling reagent as claimed in claim 13, characterized in that the detectable label M Is a fluorescent dye, pref- 
erably fluorescein. 



15. Use of a labelling reagent as claimed in claims 13-14 to synthesize labelled nucleic acids. 

16. Labelled nucleic acid molecule prepared with the aid of a labelling reagent as claimed in claims 13-14. 
25 17. Nucleic acid molecule as claimed in daim 16 containing a substituent having the partial structure 

-CH2-CO-NH-M 

30 in which M is a detectable label such as a fluorescent dye. 
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